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 Climate change is arguably the greatest issue faced by this generation. Mitigation 
requires an informed and motivated global effort in order to be effective. This paper examines 
the relationship between emissions from 1980-2020 along with relevant covariates, and carbon 
policy status, specifically a carbon tax and a cap and trade. An analysis of how the 
implementation of carbon policies impacts emissions helps to determine the most effective and 
efficient way to combat climate change. I first run a regression of covariates with emissions and 
find statistically significant factors that influence emissions: meat production, population, 
intellectual property charges, and infant deaths. I analyze policy implementation over time in 
relation to emissions and find with statistical significance that a decrease of 1 million tons of 
CO2 is associated with an increase in approximately 6  3.150 years of a policy being 
implemented. Utilizing a linear comparison of carbon tax versus ETS, I find that emissions 
changes for countries with a cap and trade are 2.15% lower than countries with a carbon tax, 
which may suggest that it is a more effective carbon policy. Most recently, the COVID-19 
pandemic lockdowns have led to record decreases in annual emissions for 2020. Based on a 
linear comparison, I determine that there was no statistical difference in emissions reductions 
throughout 2020 regardless of whether or not a country had a carbon policy implemented prior to 
the outbreak. Going forward, this paper calls for greater research attention on the impact of 
carbon policy implementation on emissions in order to best inform governments based on 
historical data and evidence towards choosing the most effective policy. Climate change is 
fundamentally time sensitive and our society cannot afford means of policy implementation that 
are ineffective or stagnant.  





 Climate change is a looming disaster, and we need to decrease emissions quickly and 
dramatically if we want to mitigate its effects. Climate change was first discovered in the late 
1800s, and yet society has been hesitant to implement solutions in favor of emissions reduction 
or even accept the severity of the problem. Time preference theory infers that the future 
implications of climate change have been heavily discounted, as society often focuses most on 
present issues and development. In the past few decades, countries have begun to realize that 
climate change is no longer an issue of the inconsequential and distant future. Our generation is 
already beginning to witness the effects of climate change, from abnormal temperature shocks to 
rising sea levels to complete changes in ecosystems. And this is only the very beginning. 
 Countries have come up with numerous propositions of how they could aid in climate 
change mitigation. As of now, there is no surefire way to decrease emissions. In fact, there isn’t 
even a consensus about what policy is the most effective. Numerous international climate 
agreements, from the Kyoto Protocol to the Paris Agreement, have been inundated with 
overambitious empty promises that never get fulfilled. This is because they believe there is little 
present benefit, and countries act selfishly to avoid free-riding of their own emissions reductions 
by not making any influential changes at all. But our society no longer has the luxury of 
additional years with little or no change to our emissions output. It is time to stop discounting the 
quality of life of our future generations. Thus, we must turn to policies that motivate 
governments through proximate financial motivation.  
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Carbon tax and cap and trade, also known as an emissions trading system (ETS), policies 
have been boasted as an effective way to mitigate CO2 emissions while also bringing in profits. 
Countries began to implement these policies as early as 1990. There has been significant 
speculation about why one policy is better than the other, but there is theoretical evidence to 
support both (Stavins, 2019).  
This research regarding carbon policy covers theoretical analysis of a cap and trade and 
carbon tax, as well as comparing emissions reduction by country depending on whether or not 
they had a carbon policy. The literature lacks comparison of these policies beyond their 
theoretical framework, and the single paper that does compares policies does so within a small 
time window. Little attention is paid to early emissions trends, and thus my paper analyzes 
emissions trends from 1980 to 2020, which is by far the most extensive data range on this 
particular topic. The addition of historical data provides an important context to emissions trends 
prior to carbon policy implementation, which allows for more concrete determinations about the 
impact of the policy on emissions.     
I classify countries into four different groups: those with a carbon tax, ETS, both, and 
none. Using this data, I first determine what variables are correlated with a country’s decision to 
implement a specific carbon policy.  A country’s likelihood of adopting a policy is important 
because it suggests that specific traits may make a specific policy more or less successful. 
Knowing if a specific policy might work better for a country with a high food production index, 
for example, may allow countries to be more thoughtful in their implementation decision by 
utilizing prior data of countries that have similar traits.  
Next, I compare emissions based on the duration of their implementation. I utilize graphs 
and regressions to measure emissions changes depending on how long a policy has been 
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implemented. I split my data between countries that have implemented a carbon tax first and 
countries that have implemented a cap and trade first to isolate the effects of each specific policy. 
Finally, this past year, the COVID-19 pandemic has caused record declines in emissions. 
I compare the raw data for countries based on policy status to determine if a certain policy was 
associated with greater decreases in emissions as a result of the lockdowns. I utilize a lockdown 
stringency index and other relevant COVID-19 data as covariates and run a regression to see if 





















Carbon tax vs. ETS 
Fundamental analysis of carbon taxes and cap-and-trade systems allows for predictions 
about which carbon pricing policy might be more effective and why. Stavins and Aldy (2012) 
discuss the effectiveness of a carbon tax based on its ease of implementation. The tax increases 
the price of things that emit CO2, such as gas, which incentivizes companies to switch to more 
environmentally friendly fuel sources because they become comparatively cheaper. As an 
example, Stavins and Aldy (2012) reference the massive increase in gasoline prices in 2008, 
which led to an increase in production and consumption of fuel-efficient vehicles as well as a 
reduction in driving as a whole. This is proof that increasing costs is an effective means to enact 
environmentally beneficial change. For those who agree to pay the tax instead, their choice 
brings in revenues. Stavins and Aldy (2012) explain that these profits could finance efforts to 
further emissions reductions, such as funding policy programs or continuing the research of 
environmentally friendly technology.  
On the other hand, the cap-and-trade system is slightly more complex because it involves 
allocating a specific quantity of emissions allowances to companies. These companies have the 
option to purchase more from other companies or sell them to those that value it more and 
choose to decrease their emissions instead. This decision is based on a cost and benefit analysis 
for each company. The emissions allowances can either be given out for free to the largest 
companies or be auctioned off. Stavins and Aldy (2012) state that an auction of emissions 
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allowances could bring in similar or potentially much greater revenues than a carbon tax, 
depending on how it is implemented.  
One risk of a cap-and-trade is if enough allowances aren’t given out, the price could 
become extremely high or volatile. To avoid this, these allocations have to be highly regulated 
and planned out to ensure their effectiveness and enduring operation. Overall, Stavins and Aldy 
(2012) determine that the implementation of both a carbon tax and a cap-and-trade 
simultaneously would most likely increase its effectiveness because it increases certainty of 
carbon allowance pricing which means that firms are most likely to comply. 
Haites et al (2018) compare the performance of a carbon tax or a cap and trade from 
2005-2015. In addition, they explore the effectiveness of countries who have both a cap and 
trade and a carbon tax. They state that the choice between these two policies is entirely 
dependent on the structure of the country itself. They found that emissions reductions are more 
common for cap-and-trade systems than carbon tax systems but look at few confounding 
variables to control for these findings. They show that both policies lead to a reduction in 
emissions, which provides evidence that carbon pricing is effective. The authors infer from their 
results that a combination of cap-and-trade and a carbon tax is the most way to reduce emissions, 
which is congruent with the findings of Stavins and Aldy (2012). My data analysis will take this 
research further by analyzing the difference between a carbon tax and ETS over a much longer 
period of time, as well as comparing it to a control group of countries without a policy. I will 
also include a much more extensive group of covariates in order to determine what variables are 




How does carbon pricing influence emissions? 
Best, et al. (2020) examines the relationship between carbon pricing and the growth rates 
of CO2 emissions. They found that countries that implemented a carbon price see a statistically 
significant average of 2% lower growth rates of emissions per year than those who do not have a 
carbon price. This paper provides concrete evidence that carbon pricing does decrease CO2 
emissions overall. As the growth rate continues to decrease each year, the longer a policy has 
been implemented, the more significant the impact.  Specifically, through 2007-2017, they 
observed an average annual decrease in emissions of 2% for countries with a carbon price in 
2007, while those without a carbon price in 2007 saw an average of a 3% annual increase, for an 
overall 5% difference in emissions as a result of carbon pricing. They control with additional 
country demographics, such as GDP per capita, population, coal shares and oil shares.  
Best et al. (2020) call for future examination into the details of the effects of specific 
carbon pricing. My paper takes research further by looking deeper into carbon pricing 
specifically by comparing the effectiveness of a cap-and-trade and a carbon tax policy.  
Bruvoll et al. (2004) specifically explore the effectiveness of Norway’s relatively high 
carbon tax. The tax was put into effect in 1991, and thus the authors look at the CO2 emissions 
for Norway from 1990-1999. They find that total emissions increased, but emissions per unit of 
GDP decreased significantly. This shows the need to include confounding variables in data 
analysis of CO2 emissions as there are so many factors that can influence emissions. My analysis 
will consider a diverse range of covariates to ensure that my results are controlled for. Norway’s 
carbon tax resulted in only a 2% decrease in emissions, which can be attributed to the issues 
regarding the way the tax was implemented. First, there were extensive tax exemptions put in 
place, so it did not apply to enough entities to foster significant change. The tax was only 
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implemented in specific sectors, and they had relatively inelastic demand. Thus, the way a 
carbon tax is implemented is integral to its success.  
 
The impact of COVID-19 on emissions 
As a result of the COVID-19 pandemic, annual emissions by country decreased 
dramatically in 2020. Le Quéré, et al. (2020) point out the importance of global CO2 emissions 
data, yet there is a lack of timely emissions data. It is often months or even years until annual 
emissions data is released, and by this time it is already much less useful. The authors calculate 
accurate estimations of the total emission of 69 countries at the end of 2020 representing 97% of 
global emissions. Their estimations utilize available daily data of the major economic sectors 
(power, industry, surface transport, public buildings and commerce, residential, and aviation) and 
sum them to determine the emissions data for 2020.  
Le Quéré et al. (2020) calculated an average decrease of global annual emissions 7% 
using the data from the total emissions of the 69 countries. I analyze this data further through 
summary statistics and regressions to determine if there are any trends or relationships between 
the relative decrease in emissions and their carbon pricing status.  
Minz-Woo (2020) discusses the theory of introducing a carbon tax or cap-and-trade 
system during the COVID-19 pandemic. Overall, the cost of carbon pricing was particularly low 
throughout 2020 because consumption and production of carbon intensive goods decreased 
drastically. For example, extremely low oil prices mean that consumers may be more willing to 
pay a larger tax. In addition, revenues from carbon pricing bring in much needed capital that can 
be put towards COVID-19 mitigation efforts. Thus, during this time period, the benefit greatly 
outweighs the cost of implementing a carbon pricing initiative. My paper provides the concrete 
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evidence to either back up or refute these findings of whether a carbon tax or cap-and-trade 
policy was particularly effective during the COVID-19 pandemic and throughout 2020.  
Malliet, P. et al. (2020) focus specifically on the influence of COVID-19 on emissions in 
France. Through modeling, they find that the implementation of a carbon tax would speed up the 
economic recovery through increasing energy efficiency investments. Additionally, the 
redistribution of carbon tax proceeds will also allow for a significant sum of additional cash flow 
that can be utilized for economic stimulus. This paper explores important theoretical future 
implications of COVID-19 on the implementation of policies and favors a carbon tax over a cap-
and-trade due to the ease of acquiring additional cash flow which becomes more necessary 
following the pandemic. This analysis is important to my paper because it presents examples of 
how a carbon tax can not only decrease CO2 emissions but also positively influence GDP and 















 As of 2019, 7 countries have solely a carbon tax, 20 countries have solely a cap-and-
trade, and 13 countries have both (World Bank 2020). 151 countries have not implemented a 
carbon policy thus far, while the US and China have implemented partial policies at the state or 
province level. Figure 1 illustrates the current carbon policies implemented by each country, as 
of 2020.  
I select 21 covariates that I believe are associated with the emissions for each country. 
For example, I chose to include meat production statistics because of its immense detrimental 
environmental impact, considering that producing 2.2 pounds of beef emits 132 pounds of CO2 
emissions (Ritchie, 2020). For reference, in 2017 the average American consumed 81.74 pounds 
of beef (Christen, 2021). Similar to meat production, food production in general also has the 
potential to increase emissions significantly. Intellectual property requests encapsulate charges 
for patents, copyrights, trademarks and industrial processes, which indicates national 
development and potentially increases in environmentally-friendly technological advancements. 
Exports as a percent of GDP is important because it indicates how much a country is 
producing, and more production increases emissions. A lack of freedom of press could hinder 
carbon policy implementation or success because it prevents full information on the severity of 
the issue. I use population overall as well as population density, birth rate, and percentage of 
urban population, as intuitively more people usually leads to greater emissions (Our World in 
Data, 2021). I utilize numerous statistics as measures of development and wealth such as: child 
mortality, average years of schooling, school gender index, infant deaths, life expectancy, GDP, 
obesity rate, and human rights scores (Our World in Data & World Bank, 2021). Measurements 
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of environmental status such as surface temperature anomalies infer prior overproduction of 
emissions, while fossil fuel energy usage for electricity and mobile cellular subscriptions give 
insight to electricity usage (Our World in Data, 2020).  
Summary statistics of the data, shown in Table 1, separates countries by whether or not a 
policy has been implemented. I run a comparison of mean values for countries with a policy 
versus those without. I utilize a t-test with the null hypothesis that mean values for countries with 
a policy are the same as countries without a policy. In favor of rejecting this null, I find the 
greatest t-statistic, 83.177 for birth rates, with countries without a policy a having 15 percentage 
points greater rate of births than countries without. Countries with a carbon policy have a mean 
Emissions that is almost 7 times higher than those without a carbon policy, which is associated 
with a t-statistic of -12.677. In addition, the life expectancy and average years of schooling both 
have high t-statistics showing that they are significantly higher for the group of countries with a 
carbon policy. Child mortality is higher in countries without a policy by 60.455 percentage 
points, with a t-statistic of 62.820, so countries without a policy are seeing higher mortality rates 
of young ages. This data suggests that countries implementing carbon policies are more 
developed, wealthy, and have high emissions rates.  
The smallest t-statistic (-5.694) was found for export rates, meaning that it is the least 
influential about whether or not a country has a policy or not. This is interesting because a higher 
percentage of exports in a country would mean that they are producing more emissions 
domestically, and I infer that a carbon policy may be more impactful for these countries.  
Freedom of press has a t-statistic of -48.773, so thus countries without a policy have a lot less 
press freedom. The lack of transparency for citizens living in countries without a policy means 
they are likely less informed on issues of emissions and climate change, and thus less passionate 
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about the need for policy implementation. Overall, country statistics vary greatly depending on 
whether or not they have implemented a carbon policy.  
 Next, I compile emissions data based on the first year that a policy was implemented in 
order to show emissions trends before and after. I split this data between countries that 
implemented a carbon tax first versus those who implemented a cap and trade first. This allows 
for analysis of the effectiveness of the carbon policy on emissions. Based on raw data, I find a 
significant decrease in emissions following the enactment of both types of carbon policy. Figure 
2 shows emissions data for countries that have implemented a carbon tax first, displaying a clear 
decrease in emissions from 100, which represents the emissions from the first year that the policy 
was implemented (year 0). This graph includes all countries who implemented a carbon tax as 
their first carbon policy initiative. Some countries implemented an additional policy in later 
years, but this analysis splits countries based on which they implemented first. CO2 emissions 
following a carbon tax implementation are 35.02% lower on average, or a mean difference of 
86.59 million tons of CO2 than the years prior to implementation. This is calculated based on the 
raw data of years before the carbon tax in comparison to years after the carbon tax.   
Figure 3 depicts all countries who implemented an ETS as their first carbon policy. This 
shows the average change in emissions following a cap and trade policy implementation is -
7.16%, or an average decrease of 11.88 million tons of CO2. Based on these results, there is a 
clear decrease in emissions averages following the implementation of an ETS. However, carbon 
tax policy implementation began 16 years prior to cap and trade, which may increase the impact 
of the policy because it has been in place for longer. Based on raw data, the implementation of a 
carbon tax first leads to a more significant decrease in emissions, although both policies yield a 
substantial decrease in carbon emissions after implementation. To provide a more in-depth 
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analysis of my data and compare a carbon tax to a cap and trade, I perform regressions taking 
into consideration relevant covariates. 
Table 4 shows summary statistics for data collected in 2020, during the COVID-19 
pandemic. Emissions data was calculated for 69 countries making up 97% of global emissions 
(Le Quère, 2020). Summary statistics separated countries based on if they had an ETS, a carbon 
tax, both or none by 2019. Based on raw data, countries with both policies implemented had a 
significantly greater decrease in emissions in 2020. In addition, countries with no policy by in 
large had the smallest decrease in emissions.  
One metric to control for the decrease in emissions due to the COVID-19 pandemic is the 
average lockdown stringency index (Our World in Data, 2021). This index takes a daily analysis 
of how much of the country is locked down or regulated to slow the spread of the disease. I 
utilized the daily values and summed them to get annual averages for each country. I use deaths 
per million and tests per thousand to estimate the severity of the pandemic as this most likely 
influences the magnitude of emissions reductions (Our World In Data, 2021). Finally, I utilize 
emissions data for 2020 and population as covariates to compare the countries (Le Quère, 2020 




Figure 1. World map indicating current carbon policy status as of 2020. (Our World in Data, 2020) 
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Figure 2. Graph comparing emissions from the implementation year of a carbon tax initiative, utilizing countrywide emissions 
data from 1980-2019. USA is depicted with a dotted line because they have only implemented a partial policy at the state level, 
not countrywide. All countries on this graph implemented a carbon tax as their first carbon policy initiative. (Global Carbon 
Budget, 2020) 
 
Figure 3. Graph comparing emissions from the implementation year of a cap & trade initiative, utilizing countrywide emissions 
data from 1995-2019. Canada and China are depicted with a dotted line to indicate partial policy at the province level. All 
countries on this graph implemented a cap and trade as their first carbon policy initiative. Countries not labeled on graph 
include: Austria, Belgium, Czech Republic, France, Germany, Hungary, Ireland, Italy, Portugal, Slovakia, Slovenia, and 
Switzerland. (Global Carbon Budget, 2020) 
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Table 1. Summary Statistics 
 
Table 1. Summary statistics for data used split by whether or not a country has implemented any carbon policy. Mean values are 
shown with standard deviation in parenthesis below. There are 41 countries with a policy and 151 countries without a policy. 
The t-statistic is calculated from a two-sample t-test with unequal variances. (World Bank, 2020 & Our World in Data, 2020) 
 Countries with a Policy 
(1) 










































































































































































EMPIRICAL STRATEGY & RESULTS 
 In theory, the usage of a carbon tax or ETS should result in a reduction of emissions. I 
run a statistical analysis of this data to determine what is correlated with emissions, how they 
change after a policy is implemented, how the change is different depending on if they have a 
carbon tax or an ETS, and the implications of COVID-19 on emissions. I analyze panel data 
including available emissions data from 1980 to 2019 for each country, with approximated data 
for 69 countries in 2020. I choose data from 1980 onward because the first climate policies 
















What factors correlate with emissions? 
 Influential metrics that are correlated with emissions are important predictors of 
emissions trends. They show what specific sectors should be targeted in order to decrease 
emissions. My regression analysis of emissions data includes a number of covariates for each 
country that I hypothesize would influence emissions: population density, GDP, meat 
production, population, birth rates, life expectancy, average years of schooling, mobile cellular 
subscriptions, exports, fossil fuel energy, charges for intellectual property, surface temperature 
anomalies, human rights score and infant deaths. I analyze the data utilizing a regression with 
robust standard errors clustered by country using the following mean-differenced panel data 
model:  
 𝑌𝑖𝑡 = 𝑋𝑖𝑡
′ 𝜷 + 𝛾𝑖 + 𝜏𝑡 + 𝜀𝑖𝑡 
where 𝑌𝑖𝑡 represents emissions in million tons of CO2 over time, i denotes individual country, t 
denotes time in years, 𝑋𝑖𝑡
𝐼 𝜷 represents all covariates, 𝛾𝑖  represents country fixed-effects, 𝜏𝑡 
represents years, and 𝜀𝑖𝑡 represents robust standard errors clustered by country. I use clustered 
robust standard errors in order to permit country-specific autocorrelation and heteroskedasticity 
of the data. This model also accounts for possible national heterogeneity through country fixed-
effects.   
I find that numerous variables that have a statistically significant impact on emissions, as 
shown in Table 2. Based on the initial regression of all covariates, I find a positive and 
statistically significant relationship between population and emissions, inferring that an increase 
in population of 200,000 is associated with an increase in emissions of 205,000 tons of CO2. An 
increase of intellectual property charges, such as patents or trademarks, of $10,000, which is the 
approximate annual average per country, is associated with a decrease in emissions of 10,2500 
(1) 
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tons of CO2. There is also a negative relationship between emissions and infant deaths, where an 
increase in infant deaths of 100 is associated with a decrease in emissions of 47,190 tons of CO2. 
Meat production is increasing at a rate of approximately 30,000 tons annually, or 200 tons per 
country. A 30,000 ton increase in meat production is associated with an increase in emissions of 
20,000 tons of CO2. This is a highly statistically significant relationship and is globally 
responsible for around 3 million tons of CO2 emissions annually.  
Next, I run three more regressions to analyze potential correlation between the variables. 
I initially hypothesize that the three population metrics: urban population, population density, 
and population, may be correlated. Thus, I run separate regressions with one metric isolated 
while removing the other two. Population was the only one that had a statistically significant 
relationship in all regressions, which means that statistical significance for urban population is 
most likely due to correlation. After performing a correlation matrix, I confirm with statistical 
significance that urban population is correlated with population, and population density is 
correlated with urban population. I initially suspect that meat production and food production are 
correlated as food production was only statistically significant when run in the same regression 
as meat production, which I confirm to be true after running the correlation matrix.  However, 
meat production remained statistically significant throughout all regressions, which validates its 







How do emissions and covariates change after a policy is implemented? 
 I analyze each country by event-time so that I can compare the 10 years prior to policy 
implementation to the years following. A year by year comparison allows for specific analysis of 
how the policy influences each country. Shown in Table 3, I ran a fixed-effects panel regression 
with robust standard errors, clustered by country for event time in relation to emissions growth 
and relevant covariates based on the following: 
𝑌𝑖𝑡 = ∝1 𝑝𝑜𝑠𝑡 +∝2 𝑒𝑣𝑒𝑛𝑡𝑡𝑖𝑚𝑒 + ∝3 𝑒𝑣𝑒𝑛𝑡𝑝𝑜𝑠𝑡  +  𝑋𝑖𝑡
′ 𝜷 + 𝛾𝑖 + 𝜏𝑡 + 𝜀𝑖𝑡 
where 𝑌𝑖𝑡 represents emissions, i denotes individual country and t denotes time in years. 𝑝𝑜𝑠𝑡 
represents an indicator variable for all years following policy implementation,  𝑒𝑣𝑒𝑛𝑡𝑡𝑖𝑚𝑒 is a 
timeline of policy implementation, where 0 is the year implemented, negative numbers are the 
years prior to implementation, and all years after increasing for each additional year that the 
country has a policy. 𝑒𝑣𝑒𝑛𝑡𝑝𝑜𝑠𝑡 equals eventtime*post, counting all years after policy 
implementation. In addition,  𝑋𝑖𝑡
′ 𝜷 is all additional covariates,  𝛾𝑖  represents country fixed-
effects, which controls for the assumption that country-specific effects are correlated with 
covariates 𝜏𝑡 represents years, which controls for time variance. 𝜀𝑖𝑡 represents robust standard 
errors clustered by country.  
  Based on this regression, I find a negative and statistically significant relationship 
between emissions and years after policy implementation. A decrease in emissions of 1 million 
tons is associated with an increase of 6.423 years of a policy being implemented. In other words, 
6 years of having a carbon policy is associated with a predicted decrease of 1 million tons of 
CO2. Although not statistically significant, countries with a policy have emissions that are 37.32 
million tons lower than countries without a policy. In countries that implemented a carbon tax 
first, decrease of 1 million tons of CO2 is associated with a predicted event time of 11.19 years, 
(2) 
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meaning that the policy has been implemented for approximately 11 years. For countries that 
implemented a cap and trade first, this regression predicts a duration of 18 years of the policy 
being implemented to see a 1 million ton decrease in emissions.  
However, these results are not statistically significant. Although there appear to be 
significant decreases in emissions following policy implementation based on Figure 2 and Figure 
3, my regression may attribute these decreases to confounding effects, and also may infer that 
only some countries are seeing significant decreases following policy implementation. As 
discussed in Bruvoll’s paper referenced in the literature review, the specific way that a country 
implements a policy, such as company exemptions or inadequate carbon pricing, likely directly 
effects how influential the policy is. I infer that some countries are implementing policies in 
ways that are not effective and are not decrease emissions with any statistical significance. In 
addition, there are 7 countries that implemented a carbon tax first and 27 countries that 
implemented a cap and trade first. This discrepancy in observation may influence the linear 
relationships found. In addition, implementation of a carbon tax begun 16 years prior to a cap 










Carbon Tax vs. Cap & Trade 
 In order to compare the effectiveness of a carbon tax vs ETS, I run a regression of the 
impact of a carbon tax, ETS, and relevant covariates on emissions. I compare carbon tax and 
ETS through a linear comparison,  
𝑌𝑖𝑡 =  ∝1 𝐶𝑇 +∝2 𝐸𝑇𝑆 +  𝑋𝑖𝑡
′ 𝜷 + 𝛾𝑖 + 𝜏𝑡 + 𝜀𝑖𝑡 
where i is individual countries and t is time in years. 𝑌𝑖𝑡 equals CO2 emissions for the first two 
regressions and emissions for the last two regressions. ∝1 𝐶𝑇 represents an indicator of whether 
or not a country has a carbon tax implemented and ∝2 𝐸𝑇𝑆 is an indicator for whether or not a 
country has a cap and trade implemented.  𝑋𝑖𝑡
′ 𝜷 represents all covariates, 𝛾𝑖  represents country 
fixed effects, 𝜏𝑡 is time in years, and 𝜀𝑖𝑡 is robust standard errors clustered by country.  
 My first two regressions compare the average percent change in emissions in relation to 
policy status and additional covariates. I run a linear comparison of carbon tax and cap and trade 
indicators and find statistical significance between the two for the first regression only. I find 
countries with a cap and trade are associated with an emissions change that is 2.15% lower than 
with a carbon tax. This is associated with a p-value of 0.049, which infers that a cap and trade is 
statistically more effective in reducing emissions than a carbon tax. The second regression found 
a difference of -0.905%, however, there was no statistical difference between the two. Thus, 
there is no way to concretely state that there is a difference between the two because a shift in 
covariates included impacted the statistical significance. However, my findings suggest greater 
evidence to support a cap and trade policy as the most effective.  
The regressions with emissions as the dependent variable also find that, although cap and 
trade appears to be associated with a lower emissions rate of 9.21 million tons of CO2 in the third 
(3) 
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regression and 36.34 million tons of CO2 in the fourth regression, after running a linear 
comparison I find that there is no statistical difference between the two.  
 
Do COVID-19 emissions reductions correlate with policy status? 
The shocking decrease in emissions as a result of the COVID-19 pandemic is immensely 
relevant as countries saw an average decrease of around 9%. To analyze this, I run a regression 
of emissions reductions as a result of the COVID-19 pandemic to determine whether or not a 
carbon policy or other relevant covariates influenced the magnitude of the impact on emissions. 
As aforementioned on page 10, based on raw data analysis, emissions rates decrease significantly 
more from 2019-2020 if a country has a policy, in comparison to those that do not have a policy.   
Based on the results in Table 5, I did not find statistically significant results to support 
that countries with a policy saw greater emissions reductions as a result of COVID-19 
lockdowns. The initial raw data assumptions are not statistically significant because they did not 
control for relevant covariates. Thus, in extraordinary circumstances leading to significant 
slowing in production and consumption, I have not found evidence to support that a carbon 
policy influences these emissions reductions. Although not statistically significant, I find a 
positive relationship between all countries with a policy and emissions change in relation to 
countries without a policy. 
For example, on average, in relation to no policy, the emissions change of a cap and trade 
0.540% larger, meaning that countries with a cap and trade had a smaller decrease from 2019 to 
2020. Countries without a policy saw a difference in emissions changes of -1.339, so they saw a 
greater decrease in emissions in relation to countries with a policy. Overall, a linear comparison 
of the carbon policy indicator variables found no statistical significance in the difference 
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between them. I believe that the greater decrease in emissions from 2019 to 2020 for countries 
without a policy is because they have much more excess emissions, as countries with a policy 
have likely been attempting to decrease emissions in years leading up to this, so the change is 
less significant. However, I hypothesize that longer-term analysis of the impact of the COVID-
19 pandemic on emissions may find more significant results to support that countries with a 
carbon policy see a more significant or prolonged emission reduction in years following the 
pandemic.   
Based on my analysis, I find statistical significance between the percentage decrease in 
emissions and the number of deaths per million. I find that a 1% increase in emissions from 2019 
to 2020 associated with an average decrease in deaths of 2.35 per thousand. In context, the US 
had an average decrease in emissions of 12.2%. A 12% decrease in emissions is associated with 
an average increase in deaths of 28.2 deaths per thousand. This negative relationship infers that 
greater decreases in emissions is associated with an increase in deaths, as this most likely 
indicates greater severity in outbreak, and thus increases the likelihood of staying at home and 
decreasing production and consumption.  
I also find statistical significance in a small and negative relationship between COVID-19 
tests per million and emissions change, as a 1% increase in emissions change is associated with 
an average decrease in tests of 40.9 per thousand people. This means that the more tests taken, 
the more emissions decrease from 2019 to 2020, which is intuitive because more testing infers 
that the country is more developed and most likely shifting their production and consumption 
more as a result of COVID-19. Using the US emissions data as an example, a 12% decrease in 
emissions is associated with COVID-19 testing increases of 490.8 per thousand people. 
Emissions and emissions change have a small positive relationship, inferring that countries with 
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higher levels of emissions see a smaller decrease in emissions from 2019 to 2020. This is most 
likely because countries with higher emissions are larger and decreasing production and 

































16.35 13.31  14.04* 
(9.797) (8.370)  (6.550) 
Life Expectancy (years) 
0.102 1.671  3.296 
(5.912) (3.368)  (4.351) 
Meat Production (tons) 
0.000111*** 0.000123*** 0.000101*** 0.000112*** 
(0.00000250) (0.00000172) (0.0000170) (0.00000221) 
Population Density 
0.199 0.387   
(0.328) (0.299)   
Urban Population (%) 
10.24**   8.787** 
(3.262)   (2.941) 
Child Mortality Rate 
-0.578  1.071 0.372 
(1.763)  (0.701) (0.962) 
Food Production Index 
-1.445** -1.835** -1.687*  
(0.508) (0.561) (0.830)  
Mobile Cell Subscriptions 
(per 1000 people) 
-0.0722 -0.602 -0.353 0.0378 
(0.223) (0.346) (0.406) (0.184) 
Exports (% of GDP) 
-0.341 -0.100 0.00759  
(0.496) (0.636) (0.445)  
Fossil Fuel Usage for 
Electricity (%) 
0.823 2.146 1.659  
(1.009) (1.371) (1.295)  
Human Rights Score 
-5.329 -12.99 -3.438 -15.10 
(9.240) (10.84) (7.647) (9.537) 
Temperature Anomaly (C 
rel. to 1951-80 avg) 
-9.771 -16.82 -9.839  
(9.210) (10.66) (10.02)  
Freedom of Press Index 
0.0147 0.0137 0.0425 0.00757 
(0.00856) (0.0112) (0.0240) (0.00877) 
Schooling (years) 
-11.00 -3.290 -26.17 -10.11 
(9.148) (11.80) (16.08) (9.229) 
Population (1,000,000s) 
1.025***  1.024***  
(0.0677)  (0.0953)  
GDP (ln) 
42.13 131.8 79.31 -8.828 
(35.35) (75.86) (56.18) (23.10) 
Intellectual Property Charges 
($1,000s) 
-1.091*** -1.152*** -0.912*** -1.123*** 
(0.174) (0.216) (0.268) (0.183) 
Infant Deaths (1,000s) 
-4.719***  -4.576* -8.824*** 
(1.014)  (2.064) (0.602) 
Obesity Rate 
6.388 10.83  0.561 
(10.08) (10.40)  (6.489) 
School Gender Index 
-22.90 395.1  37.60 
(177.0) (258.7)  (91.87) 
N 1479 1479 2035 1815 
R2 0.886 0.861 0.717 0.885 
Table 2. Emissions vs. covariates from 1980-2019. There are 41 countries with a policy for a total of 1640 observations, and 
there are 151 countries without a policy for a total of 6040 observations. Covariates fossil fuel energy, school gender index, 
intellectual property requests, and exports have significantly less data than others, especially for countries without a policy. 
Standard errors in parentheses, * p < 0.05, ** p < 0.01, *** p < 0.001 
Emissions (mill. tons of CO2) 
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Table 3. Statistical Changes Following Policy Implementation 
 (1) (2) (3) 
 







ETS Implemented First 
Any Policy -37.32 14.76 -40.53 
 (31.50) (14.35) (36.05) 
Event Time (years) -0.476 -11.19 -18.51 
 (5.946) (8.905) (13.94) 
Years after Policy 
Implementation 
-6.423* -0.302 1.566 
(3.150) (2.567) (3.414) 
GDP (ln mill. USD) 50.61 39.69 207.4** 
 (28.04) (43.47) (68.14) 
Population Density 0.0696 -0.0835 -0.0719 
 (0.235) (0.0836) (0.460) 
Fossil Fuel Usage for 
Electricity (%) 
1.982 1.086 -0.593 
(1.156) (0.738) (0.731) 
Exports (% of GDP) 0.134 -0.134 -0.249 
 (0.248) (0.160) (0.292) 
Human Rights Score -22.56 -6.897 -18.86 
 (11.46) (6.023) (11.81) 
Freedom of Press Index 0.00239 -0.000831 -0.00114 
 (0.00816) (0.00871) (0.0159) 
Infant Deaths (1,000s) 117.4 23.13 831.6*** 
 (87.93) (23.00) (214.1) 
Intellectual Property 
Charges ($1,000s) 
-0.579*** -0.157* -0.177 
(0.0856) (0.0608) (0.111) 
Obesity Rate 5.343 4.669 12.61 
 (4.502) (5.242) (6.243) 
Temperature Anomaly 
(C rel. to 1951-80 avg) 
-2.675 0.361 -0.994 
(2.475) (2.396) (3.018) 
Birth Rate 5.973 -0.00471 9.710 
 (3.780) (4.554) (5.024) 
Labor Productivity 
(GDP/hr. worked) 
-0.320 -0.594 0.437 
(0.747) (0.609) (0.939) 
N 589 210 379 
R2 0.554 0.325 0.737 
 
Table 3. Comparison of the impact of a carbon policy. There are 7 countries that implemented a carbon tax first and 27 countries 
that implemented a cap and trade first. Implementation of a carbon tax began 16 years prior to a cap and trade, so countries 
with a carbon tax on average have a longer policy duration.  




Table 4. Carbon Tax vs. ETS 
 (1) (2) (3) (4) 
 CO2 Emissions Growth (%) Emissions (mill. tons of CO2) 
Carbon Tax 0.466 -0.687 -13.83 -34.16 
 (0.854) (1.513) (21.91) (37.78) 
ETS -1.689* -1.593 -23.04 -70.50 
 (0.808) (1.129) (29.54) (79.25) 
Emissions (mill. tons of CO2) 
-0.00000793 0.000643   
(0.000650) (0.000750)   
Life Expectancy (yrs.) 0.949* 1.140* -6.401 -19.10 
 (0.424) (0.534) (17.34) (20.35) 
Meat Production (thousands of 
tons) 
0.0000969 0.0000845 0.108*** 0.0809*** 
(0.0000815) (0.000100) (0.00171) (0.00806) 
Urban Population (%) -0.205* -0.428* 15.41** 19.57 
 (0.0805) (0.164) (4.937) (11.16) 
Child Mortality 0.125* 0.196* -2.364 -1.961 
 (0.0568) (0.0812) (4.733) (4.399) 
Food Production Index 0.0212*** -0.0601 -2.323* 0.0184 
 (0.00348) (0.0387) (0.941) (0.260) 
Mobile Cellular Subscriptions 
(per 100 ppl) 
0.00629 -0.0165 -0.560 -0.544 
(0.0103) (0.0136) (0.452) (0.558) 
Exports (% of GDP) -0.00939 0.00989 -0.311 0.479 
 (0.0313) (0.0366) (0.656) (0.943) 
Temperature Anomaly (C rel. 
to 1951-80 avg) 
-0.771 -1.315* -15.97 -18.00 
(0.563) (0.652) (10.84) (14.52) 
Infant Deaths (1,000s) -0.00506 -0.0164 -7.374*** -8.766*** 
 (0.0186) (0.0288) (1.473) (1.521) 
Intellectual Property Charges 
($1,000s) 
-0.000910 0.00370 -1.033*** -0.736** 
(0.00218) (0.00303) (0.149) (0.260) 
Labor Productivity (GDP/hr. 
worked) 
0.0635 -0.0342 -2.080 -1.873 
(0.0382) (0.0484) (1.832) (1.685) 
Birth Rate -0.0685 -0.0537 42.15 59.76 
 (0.206) (0.257) (25.11) (37.20) 
Fossil Fuel Usage for Electricity 
(%) 
0.164* 0.394** 1.915 5.992 
(0.0729) (0.122) (1.520) (3.377) 
GDP (ln mill. USD)  3.896 200.4  
  (2.583) (124.3)  
Human Rights Index  1.925 -14.74  
  (0.977) (16.61)  
Freedom of Press Index  -0.000855 0.00949  
  (0.000837) (0.0149)  
Schooling (years)  -0.448 -13.64  
  (0.509) (12.28)  
School Gender Index  -9.504 2.402  
  (10.81) (250.3)  
Obesity Rate  0.304 9.522  
  (0.315) (13.90)  
N 1479 990 990 1479 
R2 0.096 0.190 0.895 0.788 
Table 4. Regression of emissions and CO2 growth in relation to whether or not a country has an ETS or carbon tax, controlled 
for by relevant covariates.  Standard errors in parentheses* p < 0.05, ** p < 0.01, *** p < 0.001 
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Table 5. Summary statistics 2020 (COVID-19) 
Table 6. Regression of Emissions Percent Change & Relevant Covariates 
Emissions Change 2019-2020 (%) 
 (1) (2) (3) (4) (5) (6) 
ETS 0.540  0.253   0.960 
 (0.904)  (0.920)   (1.073) 
Carbon Tax 1.475 -0.168    0.273 
 (0.778) (0.941)    (0.985) 
Both Policies 0.329   0.902  1.494 
 (1.056)   (0.954)  (1.188) 
No Policy     -1.339  
     (0.854)  
Emissions 0.000701* 0.00221 0.00227 0.00253* 0.00283* 0.00309* 
 (0.000329) (0.00124) (0.00121) (0.00113) (0.00109) (0.00141) 
Lockdown 
Stringency 
-0.0464 -0.0125 -0.00973 -0.00832 0.00580 0.0109 
(0.0521) (0.0557) (0.0545) (0.0479) (0.0478) (0.0612) 
COVID deaths 
per million 
-0.00292** -0.00198* -0.00208* -0.00202** -0.00276** -0.00231* 
(0.000886) (0.000758) (0.000778) (0.000681) (0.000957) (0.000932) 
Population 
(1,000,0000s) 
-0.000757 0.000800 0.000788 0.00104 0.000921 0.00126 
(0.00141) (0.00149) (0.00144) (0.00148) (0.00135) (0.00143) 
COVID Tests per 
1,0000 
 -0.0442 -0.0443* -0.0498* -0.0498* -0.0573* 
 (0.0240) (0.0217) (0.0214) (0.0200) (0.0258) 
N 66 49 49 49 49 49 
R2 0.316 0.254 0.256 0.274 0.302 0.295 
Table 6. Regression of the emissions change from 2019-2020 due to the COVID-19 pandemic in relation to relevant covariates. 
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Table 5. Emissions of 69 countries throughout 2020 during the COVID-19 pandemic. Above integer is mean value and value in 
parenthesis is the standard error. There are 6 countries with a carbon tax, 20 countries with an ETS, 9 countries with both, and 30 
countries with no policy. Countries with partial policy are placed in the no policy group. (Le Quère, 2021) 
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CONCLUSION 
  Based on my data collection and analysis, I find the greatest evidence to support the 
effectiveness of a cap and trade policy over a carbon tax. Summary statistics comparing 
countries with a policy versus those without find that countries with a carbon policy have 
significantly higher mean values of freedom of press, emissions, intellectual property charges, 
GDP, and urban population. Meanwhile, countries without a carbon policy have higher values 
for child mortality, population density, and birth rates. These findings suggest that countries 
implementing carbon policies are wealthier, larger, and more developed. Increases in carbon 
pricing initiatives in less wealthy or developed countries is integral for climate change 
mitigation, and it will also help bring in much needed revenues simultaneously.  
 I find a positive and significant relationship of emissions with meat production and 
population. Although population is difficult to control, decreasing meat consumption and thus 
production would potentially have a huge impact on emissions. In contrast, I find a negative and 
significant relationship of emissions with intellectual property charges and infant deaths. This 
infers that technological and intellectual advancements associated with intellectual property 
charges are associated with a decrease in emissions. Thus, scientific studies and technological 
innovations focusing specifically on emissions reductions or environmental benefits have the 
ability to directly decrease emissions. 
 The most recent immense declines in annual emissions of 2020 as a result of the COVID-
19 pandemic have jumpstarted a beneficial trend towards climate change mitigation. I find no 
statistical difference in decreases of emissions regardless of whether or not a country has 
implemented a carbon policy. The relationship between emissions reductions and climate policy 
status may become clearer in the coming years, but as of now all countries have been subjected 
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to similar decreases in emissions. Overall, these massive declines show that countries are capable 
of decreasing emissions. Countries should capitalize on these negative emissions trends, as now 
seems to be an opportune time to implement a carbon policy or modify the way that it is 
executed in the event that it has not been effective thus far.  
In fact, countries seem to have recognized the need for carbon pricing initiatives as of 
late. Currently, there are 28 countries with a carbon policy under consideration. From 2019, 
countrywide policies have been implemented in China, Mexico, Newfoundland, Singapore, 
South Africa, and Germany (World Bank). One of the most notable implementations is a national 
cap and trade system throughout China, which is officially scheduled to be implemented in 2021. 
The effectiveness of each type of policy will continue to become clearer in upcoming years, and 
thus future research should continue to analyze the effectiveness of carbon policies. Further 
research on this topic has the potential to influence decisions surrounding policy implementation.     
My data analysis and results have some limitations. There are many variables that can 
influence CO2 emissions, especially over such a long period of time. Based on the panel 
regression with fixed effects and robust standard errors clustered by country, mean-differencing 
will remove any omitted variables that are time invariant from the error. However, time varying 
variables may still be impacting the data and thus are present in the error term. There are 
countless additional covariates that play a role in emissions values by country, and thus my 
analysis would benefit from adding more.   
As my 2020 emissions data was calculated via daily emissions aggregation, my analysis 
lacks the official CO2 emissions data for most countries. Going forward, a more detailed analysis 
of confirmed emission values would provide a greater insight as to the influence of each policy 
type when certain regulations are put in place. COVID-19 has led to massive reductions in 
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consumption and pollution, which allows for a comparison of how effective each policy type is 
when society implements a drastic change. The lack of a significant relationship between policy 
status and emissions reductions is most likely attributed to lack of data. It was very difficult to 
find covariates for 2020 as most statistics have not yet been published. Further research would 
allow a much more in-depth analysis of the impact of the COVID-19 pandemic on emissions. I 
believe that further research into the years following the pandemic and its impact on emissions 
will provide insight as to how a certain policy may influence the duration and magnitude of 
emissions reductions as a result of the pandemic. It will be interesting to see which countries, if 
any, will continue on the trend of emissions reductions following the COVID-19 pandemic, and 
which will immediately go back to the same, or potentially greater, emissions as before the 
outbreak.   
Climate change continues to become a more imminent and significant threat, and 
effective climate policy can make all the difference. Through extensive research, we can 
determine which policies are most effective and why, which allows countries to make more 
informed decision-making as to what policy makes the most sense for their situation. 
Governments and societies need to stop spending time fostering political polarization and 
divisiveness, and instead unite people to get behind a universal issue that is arguably the greatest 
of this generation as well as many to come. I hope that the continued research on these issues 
will make it impossible for countries not to get involved and begin to foster real change towards 
climate change mitigation. Combatting this issue will benefit everyone in society and there is no 
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